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Drug phototoxicity is becoming a problem
of major medical importance (1—5). At the
present time, the biochemical mechanisms in-
volved are poorly understood. Attempts to pro-
duce the phenomenon in laboratory animals
have been generally unsuccessful (6).
The present study describes the reliable and
reproducible demonstration of drug phototox-
icity in guinea pigs, using sunlight as the
source of ultraviolet.
MATERIALS AND METHODS
The experimental animals consisted of hybrid al-
bino guinea pigs weighing 150—350 grams. They
were divided into groups of two with ears that
matched for color, size, and amount of droop.
None of the animals had more than a slight
amount of ear pigmentation. Each animal was
weighed, the hair clipped closely around the ears,
and one animal of each group injected with chlor-
promazine 5—50 mg/kg, demethylchlortetracyeline
10—20 mg/kg, or ehlorothiazide 60—200 mg/kg.
Pairs of animals were then placed in chicken-wire
cages with each animal in its own cubicle. The
back and bottom of the cage was lined with alumi-
num foil. Sunlight exposure was carried out on
cloudless days from April to the following March.
Exposure times varied from the shortest of 2 hours
on a single day to as much as 4 hours per day on
3 successive days. The drug under investigation
was re-injected for each day of additional sun ex-
posure.
A fresh vial of ehlorpromazine containing 50 mg/
ml was diluted with saline to 10 mg/ml prior to
injection. When a small volume of undiluted drug
was injected, phototoxicity was not produced, pre-
sumably due to failure of absorption. Demethyl-
ehlortetraeycline from standard oral capsules was
dissolved in saline to a concentration of the base
of 5 mg/ml. Chlorothiazide powder was diluted
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with water to a final concentration of 60 mg/ml.
The number of animals tested and the dose of
drug used are listed in Table I.
A number of other drugs, including tetracycline
HC1 (Tetracyn® intravenous or Achromyein® as
the pure powder), diphenylhydantoin and diphen-
hydramine, known to rarely produce photosensitiv-
ity reactions in man, were also tested. These were
injected in amounts comparable (on a weight-for-
weight basis) to 2—3 times the therapeutic doses
used in man.
In some eases, the cages were covered with either
¼ inch thick window glass or with 0.005 inch thick
Mylar® (Du Pont) plastic. The ambient air tem-
perature throughout these experiments ranged
from 15—27° C (65—80° F).
In order to eliminate the possibility of a direct
effect of the injected drug on the ears of the ani-
mals, the highest dose of each drug used was in-jected intraperitoneally, and the animals were
housed in the dark. Each of the drugs tested was
injected into two animals for 4 consecutive days.
The histology of the drug-induced phototnxic
reaction was compared to the normal sunburn re-
sponse of the ears of some experimental animals.
Fourteen guinea pigs were injected with 50 mg/kg
of chlorpromazine and 14 animals served as con-
trols. Biopsy specimens were obtained from the
lateral aspect of the ear at 3, 6, 12, 24, 48, 72, and
96 hours after 4 hours exposure to sunbght.
RESULTS
control animals, on the other hand, became red
and occasionally denuded but never ulcerated.
The intraperitoneal injection of 50 mg/kg
chlorproma zinc followed by 4—5 hours of sun
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Of the 41 animals photo-tested to chlorproma-
zine, 37 developed unequivocal phototoxicity.
During the summer months, as little as 2 hours
mid-day exposure and a dose of only 5 mg/kg
was sufficient to cause vivid erythema and oc-
casional blisters of the cars of the experimen-
tal animal, while the ears of the control devel-
oped only very mild erythema. If the period of
exposure was prolonged, the ears became de-
nuded (Figure 1) and eventually necrotic and
ulcerated. The peak reaction was seen 12—15
hours after the completion of sun exposure.
With larger amounts of drug, the phototoxic
response was more pronounced. The ears of the
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TABLE I
Summary of drug phototoxicity
Drog
Dose
(Mg.!
kg)
No. No.
animals animals
tested photo-toxic
Chiorpromazine 5
20
50
50
6
4
5
5 (with
Mylar(R))
4
6
20
11
4
5
18
10
Demethyichlor-
tetracycline
10
20
20
8
6
6 (with
Mylar°)
12
14
10
11
13
10
Chlorothiazide 60
100
200
25
10
10
3
4
5
2
3
4
exposure (10 a.m.—2 or 3 p.m.) produced the
most dramatic results. At the completion of ex-
posure, the ears of the control animal were
pink, while those of the experimental animal
were bright red. The experimental animal fre-
quently shook its ears violently and retreated
when the ears were tapped gently. By the fol-
lowing day, the ears of the control animal
were still pink, but those of the experimental
animal were excoriated, blistered, or denuded.
Blisters were observed only at the base of the
ears.
With demethylchlortetracyeline, 34 of 36 ani-
mals demonstrated a phototoxic response. To
elicit an erythematous reaction regularly re-
quired at least 6—8 hours of sun exposure over
a 2-day period (Figures 2 and 3). Ulceration
was noted only after 3—4 days of repeated ex-
posure. The drug was injected at the start of
Fzo. 1-A. Control animal exposed to 4 hours of mid-day sun on each of two continuous
days. B. Experimental animal exposed at the same time as the animal in 1-A but injected
with chlorpromazine 50 mg./kg. intraperitoneally.
Fio. 2-A. Control animal exposed to 4hours of mid-day sun on each of two continuous
days. B. Experimental animal exposed at the same time as the animal in 2-A but injected
with tetracycline IIC1 40 mg/kg intrapcritoneally. C. Experimental animal exposed at the
same time as the animal in 2-A but injected with demethylchlortetraeycline 20 mg/kg.
r
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Fso. 3-A. Control animal exposed to 4 hours of mid-day sun on each of two continuous
days. The cage was covered with a screen of 0.005 D Mylar°°. B. Experimental animal ex-
posed at the same time as the animal in 3-A hut injected with demethylchlortetracycline
20 mg/kg intraperitoneally. This cage was also covered with a screen of 0.005 D Mylar°°
The photos in Figure 3-A and B were made 6 days after the last sun exposure.
FIG. 4-A. Control animal exposed to 5 hours of mid-day sun on each of 5 continuous
days. The ears were actually more damaged than they appear in the photograph. B. Ex-
perimental animal exposed at the same time as the animal in 4-A but injected with
chlorothiazide 60 mg/kg intraperitoneally.
each day of sun exposure. The most effective
amount of drug was 20 mg/kg.
Chlorothiazide produced a phototoxic re-
sponse in 9 out of 12 animals tested, but the
reaction was even less prominent than with
dcmethylchlortetracycline, and required as
much as 3—4 days sun exposure to elicit (Figure
4).
Window glass did not totally prevent photo-
toxicity to chlorpromaxinc or demethylchlortet-
racycline. A lessened reaction could he elicited
if exposure was carried out for approximately
twice the usual time. Window glass did, however,
prevent phototoxicity to chlorothiazide. By us-
ing Mylar® the phototoxic reaction could be elic-
ited with approximately the same sun exposure
as without it. The respective control remained
entirely unaffected (Figure 3).
Although the Tetracyn® brand of tetracy-
cline HCI was phototested as a control in 15
different animals, there was no instance of a
phototoxie response. However, mild to moder-
ate reaction was noted in 5 out of 6 guinea
pigs given the Achromycin® brand of tetra-
cycline HCI. The phototoxic response to Achro-
mycin® was always far less severe than that
obtained with demethylchlortetraeycline. The
other control drugs produced a consistently
negative response.
The injected drug alone had no effect on
the ears of the animals housed in the dark.
Histologically, an acute inflammatory re-
sponse consisting of moderate dermal and epi-
dermal polymorphonuclenr infiltration and in-
creased vnsodilatntion was seen by 3 hours
in the animals which had received chlorproma-
zinc. This reaction persisted and became more
severe up to at least 96 hours after exposure.
Crust formation and hemorrhage were also
noted in several of the sections. Biopsy speci-
mens from the control guinea pigs revealed
some vasodilatation but no acute inflammatory
response (Figure 5).
niscussloN
Drug phototoxicity to intraperitoneally in-
jected chlorpromaxine, demethylchlortetracy-
dine, and chlorothiaxide has been demonstrated
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FIG. 5-A. Specimen from ear of control animal; 6 hours after completion of 4 hours sun ex-
posure, (H & E X 96). B. Specimen from ear of animal injected with 50 mg/kg chiorproma-
zine; 6 hours after completion of 4 hours sun exposure. There is a prominent inflammatory
cell response, (H & E X 96). C. Specimen from ear of animal injected with 50 mg/kg
chlorpromazine; 96 hours after completion of 4 hours sun exposure. The necrosis and crust
formation are apparent, (H & E X 38).
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FIG. 6. Comparison of the transmission spectra of 0.005 D My1ar and '/4 inch thick
window glass. The horizontal axis is the wavelength in Angstrom units.
in guinea pigs exposed to sunlight. The cool,
relatively dry air of San Francisco allowed
long sun exposures without causing death of
the guinea pigs, factors which have limited
similar investigations in other geographic
areas.
Window glass filtration diminished, but
did not prevent, the phototoxic response in
control animals. However, window glass com-
pletely prevented the phototoxic reaction to
chiorothiazide. This may have been due to in-
sufficient exposure, since chlorothiazide ab-
sorbs considerably from 3200 to 3400 A°.
Differentiation between the normal sunburn
erythema and the phototoxic reaction was fur-
ther simplified by the use of Mylar® plastic.
Mylar®, which filters out most wavelengths
shorter than 3100 A (Figure 6), completely
eliminated normal erythema in the controls
but did not affect the drug-induced phototoxic
response. This finding indicates that most of
the phototoxic reaction is due to wavelengths
longer than 3100 A°.
SUMMARY
Experimental drug phototoxicity to chloro-
promazine, demethychlortetracycline and chlor-
othiazide has been demonstrated in guinea
pigs. Following intraperitoneal injection of the
drug, the animals were exposed to sunlight for
varying periods of time. A positive response
was characterized by a brisk erythema and
later by necrosis and ulceration of the ears of
the experimental animals. This was in striking
contrast to the relatively mild reaction in the
control animals.
Mylar® plastic, which absorbs all wave-
lengths below 3100 A, prevents normal ery-
thema from developing in the control animals
but has no effect on the phototoxic response.
Thus, the use of Mylar® represents a unique
means of enhancing the contrast between the
control and the experimental animals.
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